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SUMMARY 

This report presents a detailed discussion of the test facili- 
ties, models, and data gathering and reduction system that were 
used in  the tests of the oscillating airfoils. 

The computer listings of the final data, with a comprehensive 
index of the test conditions, are also presented. 
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I. 

INTRODUCTION 

This volume contains the detailed description of the test 
facilities and apparatus and the computer data listings from 
the oscillating airfoil tests. The test results are presented 
and discussed in Volume I. 

These computer data show differential pressures and integrated 
normal force and pitching moment data in harmonic form up to 
the ninth harmonic.  For the tuned system tests, 18 harmonics 
are tabulated to show responses in the higher frequency range. 
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DESCRIPTION  OF TEST  FACILITIES AND APPAP'/TUS 

This section of the report describes the wind tunnel,  test 
equipment, models,  data-gathering system,  and test procedures. 

BOEING TWO-DIMENSIONAL,   VARIABLE-DENSITY WIND TUNNEL 

To accommodate tests such as   (1)   low-speed,  high-lift blowing 
flaps,   (2)   high-speed airfoil drag reduction programs,  and  (3) 
high-speed transient and damping derivative measurements,  a 
two-dimensional,  variable-density subsonic test section was 
designed  and built for the Boeing 4-by-4-foot supersonic wind 
tunnel  in 1965   (see Figure  1). 

Compressed air is stored in two 38-foot-diameter  spheres with 
a total capacity of 55,000 cubic  feet.    Airflow through the 
tunnel is controlled automatically by an electrohydraulic servo 
valve that maintains tunnel operating pressures within 1.0 
percent of the selected pressure and within 0.5 percent of the 
mean value during the run.    Density is varied by controlling 
the total pressure.    Temperature stabilization,  achieved by 
radiation from a heat sink inside the storage spheres,  results 
in a Reynolds number variation of less than 5 percent during a 
run. 

The subsonic two-dimensional test facility fits within the 
basic 4-by-4-foot supersonic tunnel working section.     It 
provides a l-by-3-foot test section.    A perforated floor and 
ceiling may be used for transonic testing. 

Blowing boundary layer control   (BLC)   slots are provided in the 
tunnel side walls.    They eure used to prevent formation of vor- 
texes or other three-dimensional disturbances due to separation 
of the wall boundary layers  in the presence of the pressure 
field created by the airfoil. 

Oil  flow studies   (see Figure  2)   indicated wall boundary layer 
separation only when the translating mechanism was  installed. 
This mechanism required end plates, which could not be flush 
with the wall,  to cover holes through which the airfoil was 
moved.     The disturbances created by the end plates were sup- 
pressed by the BLC,  as is evident from the figure. 

Pitch Oscillating Mechanism 

The pitch oscillating mechanism is shown in Figure 3.    A fly- 
wheel with an eccentrically mounted interchangeable cam drives 
a crank which is connected to the airfoil by a torsion spring 
for the tuned system  (Figure  4)   or by an adapter for direct 
drive. 
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A) NO BLOWING 

B) BLOWING 

Figure 2. Effect of Wall Blowing on Flow Separation at 
Tunnel Wall. 

NOTES: 1. M = 0.4 
2. a = 12.5° 

3. PT = 50 PSI 
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ECCENTRIC 
CAM PLATE 

FLYWHEEL 

CRANK 

TORSION 
SPRING 

Figure 4. Detail of Flywheel and Crank for Pitch 
Oscillating Mechanism. 
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A hydraulic motor supplies drive power to the mechanism. The 
whole drive system is attached to a turntable/ which rotates to 
provide the desired airfoil mean angle of attack. An eddy- 
current damper was attached to the airfoil as a safety control 
during the tuned airfoil tests. The damper was built specifi- 
cally for this test and provided a maximum of 10 inch-pounds 
per radian per second damping at the test frequencies (see 
Figure 5 for damper characteristics) .  The dc power to the 
damper was supplied from storage batteries through a liquid 
rheostat. Full current could be applied very rapidly to the 
damper to give maximum damping force, if the elastic response 
exceeded preset limits.  Simultaneously, the tunnel and the 
driving power to the oscillating mechanism would be shut off. 

The kinematics of the drive system resulted in small deviations 
from a sinusoidal variation of pitch angle with flywheel rota- 
tion angle.  At La  values of 5 degrees or less, the amount of 
second harmonic motion so introduced was less than 5 percent 
of the fundamental amplitude. The waveform error is shown in 
Figure 6. 

The mechanical amplification in the direct drive pitch system, 
caused by elastic deflections and inertial forces, is shown in 
the same figure.  Since actual a values were measured devia- 
tions from the kinematic nominal can be accounted for. 

Vertical Translating Mechanism 

A drawing of the vertical translating mechanism is shown in 
Figure 7.  The eccentrically mounted cams on each flywheel 
impart sinusoidal motion to the carriages supporting the air- 
foil.  Rails restrict the carriages to vertical motion. By 
driving the airfoil from both sides, the bending deflections 
due to inertial forces are minimized.  The flywheels axe  driven 
by toothed belts from a shaft connected to a hydraulic motor. 
The drive system is attached to the tunnel turntable, which is 
rotated to set the mean angle of attack. Airfoil end plates 
were required with the translating mechanism to cover the 
vertical slot in the test section walls.  The end plates were 
covered with a Teflon sheet to provide a sliding fit and to 
seal the slot. 

Airfoil Oscillation Frequency Control 

m The supply line to the hydraulic motor was provided with a 
coarse and a vernier flow control. By comparing the desired 
frequency with the airfoil output frequency in the form of a 
Llssajous figure on an oscilloscope, the vernier control could 
be adjusted to provide the required airfoil oscillation 
frequency. 

t 
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Figure  7.     Vertical Translating Mechanise, 
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MODELS  AND  INSTRUMENTATION 

Test Airfoil Sections 

The  symmetrical  and  the  cambered airfoil  contours  and  section 
ordinates  are  specified   in Volume  I.     The  airfoils were  con- 
structed of  a  steel   center  spar with  sheet  metal   leading and 
trailing edges.     The  trailing edge  of  each  airfoil  ended  in  a 
flat,   cusp-like  piece  of   sheet metal. 

Figure  8  shows details  of  the  internal   construction  and  the 
leading-edge  transducer  mounting ribs.     The  span  of each  test 
airfoil was nominally  12   inches,   and  the  chord was  6.38   inches. 

Transducer Installation  Details 

Fourteen pressure   transducers were   installed  in  16  available 
pressure ports  located  at  x/c values  of  0.010,   0.025,  0.050, 
0.100,   0.150,   0.200,   0.250,   0.300,   0.400,   0.500,   0.600,   0.695, 
0.800,   0.831,   0.878,   and  0.953.     The two unused pressure- 
sensing locations were plugged to prevent leakage  from the 
bottom surface  to  the top surface.     The  pressure ports were 
located within 3  inches  of the airfoil  centerline. 

Surface  pressures were  transmitted  to  the  transducers  through 
0.022-inch-i.d.   Strip-A-Tubing connected between  the transducer 
and  0.020-inch-i.d.   metal  tubes mounted   flush  to the model  sur- 
face.     Transducers were  located  in three  areas:     leading edge, 
body,   and trailing edge.     A typical   installation  for  leadinc,- 
and  trailing-edge-mounted  transducers   is   shown in Figure  9. 

An   improved method  of  mounting the  leading-  and trailing-edge 
transducers was  adopted   for  the second phase  of  the  test. 
This   resulted  in more  efficient  installation  and removal  of  the 
transducers.     A typical   installation,   shown  in Figure 9 
employed aluminum ribs with a screw-cap  location  for the trans- 
ducer,  instead of  the  foam ribs with adhesive  location. 

Transducer Static Characteristics 

The pressure  transducers  in the airfoil were  manufactured by 
Schaevitz-Bytrex and Scientific Advances.     Each unit was  tem- 
perature compensated. 

Static Calibration 

Each transducer was  statically calibrated for linearity and 
hysteresis before  installation.    A typical  calibration curve  is 
shown in Figure 10,   and the results  are  summarized in Figures 
11  and 12. 
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PRESSURE PORTS 

TRANSDUCERS 

'TERMINAL BLOCK 

LEADING EDGE 

TRAILING EDGE 

Figure 8. Details of Leading- and Trailing-Edge 
Construction of Test Airfoil. 

FOAM RIBS 

12 



TRANSDUCER 
WIRES 

RECESSED CAP 

O-RING SEALS 

TRANSDUCER 

STRIP-A-TUBE 

A)   BODY-MOUNTED  TRANSDUCER   INSTALLATION 

TRANSDUCER 
CAP 

AIRFOIL  SKIN 

STRIP-A-TUBE 

SURFACE   TUBE 

B)   LEADING-   AND TRAILING-EDGE  TRANSDUCER   INSTALLATION 

TRANSDUCER 

O-RING  SEAL 

RETAINING 
COLLAR 

ALUMINUM 
RIB 

C)    IMPROVED   LEADING- AND  TRAILING-EDGE  TRANSDUCER   INSTALLATION 

Figure 9.  Details of Pressure Transducer Installation. 
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PRESSURE   -   PERCENT  OF  FULL  SCALE 

MAXIMUM  HYSTERESIS 
0.12   PERCENT OF 
FULL   SCALE 

MAXIMUM LINEARITY  ERROR = 
0.75  PERCENT  OF  FULL  SCALE 

NOTES:     1.   SCHAEVITZ-BYTREX HFD-25     NO.   12 306 
2. CALIBRATION  ON   FRONT SIDE 
3. EXCITATION  VOLTS  =25 

Figure 10.  Typical Transducer Calibration Curve. 
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Transducer Dynamic Characteristics 

The dynamic response of  typical   transducer installations was 
evaluated before the transducers were installed in the airfoil. 

The following factors were  investigated for their effects on 
the  transducer installation: 

1. Different lengths  of  Strip-A-Tubing between the 
pressure port and  the transducer 

2. Right-angle bends   in the metal tubes  leading from 
the pressure ports 

A pressure step function input was applied to the  transducer to 
evaluate its  frequency response.     Typical response curves are 
shown  in Figure 13.     For  all  transducer installations,   the 
frequency response was at least  1030 Hertz with a damping ratio 
of  approximately 0.45. 

The  frequency response of  the transducer diaphragm is  far too 
high  to be measured by  this  technique.    It is  the pressure 
tubing  and its  terminating volume  that limit the frequency 
response of  the total system. 

DATA   RECORDING  SYSTEM 

The data recording system is  shown in Figure  14.     Data record- 
ing was  controlled automatically during test runs  through the 
tunnel operating console.     The sequence of events  during a 
typical  test run is shown  in Figure 15.    The data recording 
system equipment consisted  of  the following: 

1. Amplifiers  - Each  channel of information was fed to 
Preston Model  8300   amplifiers with  2-pole  critically 
damped filters  set  to 1000-Hertz cutoff  frequency. 

2. Tape recorders  - An Ampex Model FR200  and a Sangamo 
Model  4784  14-channel,  wideband,  FM tape  recorder were 
used to record the data.     A time code was  generated on 
one channel of  each recorder  to provide  tape synchroniza- 
tion during data reduction.    Tape playback was  available 
on the Sangamo model to allow checks  to be made on the 
recorded data quality of each tape immediately after 

• each run. 

3.  Oscillographs - In addition to the data stored on tape, 
simultaneous oscillograph records of all parameters 
were provided for on-line data monitoring. 

17 
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3 PSI 

DAMPING FACTOR 
= 0.45 

NATURAL FREQUENCY 
= 1.6 kHz 

[«• 4* 1 MILLISECOND 

PRESSURE STATION NO. 1, LOWER WING SURFACE 

t-« •+•— 1 MILLISECOND 
PRESSURE STATION NO. 1, UPPER WING SURFACE 

3 PSI 

DAMPING FACTOR 
= 0.45 

NATURAL FREQUENCY 

= 1.03 kHz 

PRESSURE CONNECTED THROUGH 
A 0.75-INCH LENGTH OF 
0.022-INCH PLASTIC TUBE 

Figure 13. Dynamic Response of Installed Pressure Transducer. 
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DATA SYSTEM 
FUNCTION 

-^y 

INITIAL WOZ 

ZERO-VOLT  CALIBRATION 
OF  DATA  CHANNELS 

ONE-VOLT  CALIBRATION 
OF  DATA CHANNELS 

TUNNEL/MODEL 
CONTROL SYSTEM 

i 
FUNCTION 

] 

PITCH AIRFOIL TO FIRST a 

START TUNNEL FLOW 

START HYDRAULIC DRIVE 
TO AIRFOIL 

ZERO-VOLT CALIBRATION 
OF DATA CHANNELS 

FIRST DATA PERIOD 

SECOND DATA PERIOD 

THIRD DATA PERTQD 

FOURTH DATA PERIOD 

i 

FINAL WOZ 

PITCH AIRFOIL TO SECOND a. 

PITCH AIRFOIL VO THIRD  a. 

"JL    PITCH AIRFOIL TO FOURTH a0 

SHUT DOWN TUNNEL FLOW 

SHUT DOWN HYDRAULIC DRIVE 

PITCH AIRFOIL TO FIRST a 

Figure  15.     Data Recording Sequence, 
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4.  Analog computer - A Pace analog computer was used on 
line to provide instantaneous integration of airfoil 
differential pressures to obtain CN and CM.  These 
outputs were recorded on both magnetic tape and oscil- 
lograph records.  Comparisons of analog integrated data 
and digital data will be discussed later. 

Table I shows the parameters recorded on both magnetic tape and 
oscillograph paper. 

TABLE I.  MAGNETIC TAPE AND OSCi LLOGRAPH RECORDINGS 

Tape Recorder 1 Tape Recorder 2 

Chanr 

Osci llograph 1 Osci llograph  2 

tel Component Channel Component 

1 IRIG B time code 1 IRIG B time code 

2 1/rev signa il 2 1/rev signal 

3 
\ 

3 

^ 4 S 4 

^ 5 s 5 

^ 6 
\ 

6 

^ 7 s 7 
\o 

8 
\l 

8 
\2 

i  9 
\3 

9 
^u 

10 do 10 TT 

11 Act /Ah 11 PT 

12 CN 12 ps 
! 13 CM 13 - 

14 - 14 - 
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DATA REDUCTION AND PLOTTING SYSTEM 

Final data reduction and automatic plotting were conducted at 
the contractor's Vertol Division.  A selection of the standard 
computer programs used by the flight test department for re- 
ducing data for flight programs such as that conducted by Pruyn* 
was adapted for use with the wind tunnel data.  The computa- 
tional details of these programs are adequately documented in 
the foregoing reference and will be omitted here except for 
specific changes.  A new digital analysis program (M-56) was 
written to compute and list the aerodynamic output data in the 
format used in Volume II of this report.  This program also 
produces a final digital data tape, from which data can be 
selected for automatic plotting. 

The off-line system processing sequence is shown in Figure 16. 
The data were processed in two distinct phases: 

1. Analog-to-digital conversion 

2. Digital data processing 

DIGITIZING 

The analog tapes which contained chordwise pressure data and 
wind tunnel operating condition information were digitized at 
the. contractor's flight test facility ground station, shown 
in Figure 17.  The capes were played back into the digitizing 
system by using an Ampex FR-100C tape drive at a tape playback 
speed of one-eighth of the recording speed of 60 inches per 
second. This enabled the system to read at least 36 data points 
for each airfoil oscillation cycle. 

The digitizing system consists of a CDC 3100 computer and an 
analog-to-digital converter operating under the control of 
program F-02 through punched card inputs.  The cards supply 
wind tunnel test condition and instrumentation information. 
Suitable areas for digitizing were selected by scanning and 
editing from the oscillograph records, which were obtained 
simultaneously with the magnetic tapes. Each set of digital 

•Pruyn, Richard R., IN-FLIGHT MEASUREMENT OF ROTOR BLADE AIR- 
LOADS, BENDING MOMENTS, AND MOTIONS, TOGETHER WITH ROTOR 
SHAFT LOADS AND FUSELAGE VIBRATION, ON A TANDEM ROTOR HELICOP- 
TER, VOLUME III, DATA PROCESSING AND ANALYSIS SYSTEM, The 
Boeing Company, USAAVLABS Technical Report 67-9C, U.S. Army 
Aviation Materiel Laboratories, Fort Eustis, Virginia, 
November 1967. 
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PROGRAM 
SEQUENCE 

® 

PROGRAM 
SEQUENCE 

® 

PROGRAM 
SEQUENCE 

© 

PROGRAM 
SEQUENCE 

® COMPREHENSIVE 
DATA CHECK 

LISTING 

CONVERT   DATA  TO REAL 
ENGINEERING  UNITS  -   COMPUTE 
AVERAGE   DATA CYCLE  AND 
HARMONIC   ANALYSIS 

HIGH-DENSITY 
DATA  CHECK 

LISTING 

MERGE  BASIC  DATA TAPES  - 
EDIT  DATA  AND  APPLY  SYSTEM 
PHASE  CORRECTIONS 

DATA 

REPORT 
LISTING 

FINAL DATA ANALYSIS   - 
INTEGRATE   PRESSURE DATA AND 
COMPUTE   ALL FINAL OUTPUT 
DATA 

GENERATE   PLOTTING DATA 
TAPE."  FOR  EAI   3440 
DATA  PLOTTER 

MACHINE 
PLOTS 

Figure   16.     Digital Data Processing Flow Path, 
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data on the output  tapes contained  information  fed  from the 
card input,   followed by calibrations and test data.     To cor- 
rect for  zero drift,   a  final wind-off  zero data point was 
taken immediately after each tunnel run.     For the oscillatory 
data,  five to ten consecutive  cycles of data were digitized 
for each  test condition.     The calibration  data were  an  average 
of  five samples. 

DATA REDUCTION 

All data reduction programs used a  standard  format  for  storing 
data on the input and output tapes.     This   format consisted of 
a header with run and instrumentation identification infor- 
mation followed by data;   thus,   each set of data was  complete 
in  itself.     This allowed the combination of  several programs 
in order  to operate  on  the data in sequence  or separately,   as 
necessary,  which simplified editing and checking.     Because of 
the  large quantity of  data  (over 750 data points in all) ,   the 
data were processed in  four stages with  a check on data validity 
and quality at the end of each stage.     In each stage of data 
reduction,  up to  four programs were used sequentially.     A 
summary of the operations  in each program of  a sequence  is 
presented in the following paragraphs. 

Stage 1 Data Reduction;     Calibration,  Averaging,  and Harmonic 
Analysi¥ 

Figure 18 shows the sequencing of programs during this  stage 
of data reduction.     Program M-40,   the Primary Loads Calibration 
Program,   converts the data from digitized analog voltage values 
to engineering units by using the card input information.     The 
data are  referenced to the zero level at the beginning of a 
data run.     Since this  zero does not include  the drift due to 
temperature change,   a correction was applied later.     Each group 
of data cycles was then averaged by using Program M-31,   the 
Data Averaging Program.     This  average cycle was the arithmetic 
mean of the cycles processed. 

The averaged ordinates of every parameter were harmonically 
analyzed in Program M-43,  the Harmonic Analysis Program.     The 
sine and cosine coefficients,   as well as  the resultant and the 
phase lead terms,  were obtained by a truncated Fourier series 
analysis,   up  to the ninth harmonic  in most cases. 

The data at this stage were in harmonic coefficient  form in 
real engineering units.    An output tape was  saved for Stage 2 
data processing,  and a check listing was produced by using Pro- 
gram M-44,  the Generalized Listing Program. 

The data were checked  for digitized calibration values,   analog- 
to-digital converter band-edge limits,   and sampling consistency; 
in addition,   all input card data were checked for errors. 
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COMPREHENSIVE 
DATA CHECK 

LISTING 

DIGITIZED  TAPE 

GENERATE  REAL ENGINEERING  UNITS 

SORT  DATA  INTO  STANDARD  ORDER 

COMPUTE  AVERAGE CYCLE 
FOR  EACH  RUN 

COMPUTE  HARMONIC ANALYSIS 

LIST DATA TAPE 

Figure  18.     Sta^e  1  Data  Reduction Sequence. 
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Stage  2  Data  Reduction;     Merging  and Data Corrections 

The Stage 2 data  reduction program run sequence is  shown  in 
Figure  19.     The  complementary data  from each of  the two tapes 
were merged into a  complete set at  this  point by using IBSORT, 
the  IBM sort program.    The data  fvom as many as eight digital 
tapes were combined  at one time.     In  addition,   the merged data 
were further combined by the same process  to produce large 
blocks of data.     This simplified the  final data integration  in 
Stage 3   and greatly  reduced the  number  of   individual   jobs  on 
the computer. 

Program M-05,   the Select and Edit Program,  was used next to 
eliminate defective pressure gage data and to correct input 
errors  found  from Stage 1  listings.     In addition,   the data 
were corrected  for  the phase deviation between the 1/rev signal 
and the a = «o  reference point. 

The outputs  from Stage 2 data reduction  consisted of  a digital 
tape containing merged and corrected data and a high-density 
listing from Program M-44 which  contained data  information 
sufficient for  a final check before  integration. 

Stage 3  Data Reduction;     Integration and Final  Data Analysis 

All  final  integrations for C^,  CM,   and AW,  as well as calcu- 
lation of  the  test parameter values  such  as the dynamic pres- 
sure,   Reynolds  number,  frequency,   etc.   (see typical  listing 
in Volume II),  were performed  in the M-56 Oscillating Airfoil 
Data Reduction Program.     The Stage  3  data reduction sequence  is 
shown in Figure  20.     The following formulas were used to 
integrate C   ,   CM,   and damping parameters.     In the case of  the 
AW parameter   (called damping in the data listings  in this 
report),   a different equation  is  given  for the pitching and 
translating equations. 

M* 
cN(o) =    l 

m = o 

CACP(0)Jm+l 
+   [ACP(0)]m 

m (d)   -d), 
m+T 

(1) 

where m =  1,   2,   3 M*. 
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M-43  DATA TAPES 

MERGE  AND  SORT   INPUT 
DATA  IN  RUN  ORDER 

EDIT  OUT   INVALID DATA 

SYSTEM  PHASE   LAG AND 
MATHEMATICAL CORRECTIONS 

LIST  OUTPUT DATA TAPE 

DATA TAPE  FOR  INPUT 
TO ANALYSIS   PROGRAM 

Figure  19.     Stage  2  Data Reduction Sequence. 
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INPUT MERGE DATA TAPE 

CARD INPUT FOR ANALYSIS 
CONTROL 

DATA ANALYSIS PROGRAM 
TO COMPUTE ALL FINAL 
OUTPUT DATA 

DATA 
REPORT 
LISTING 

OUTPUT DATA TAPE FOR 
PLOTTER PROCESSING 

Figure 20.  Stage 3 Data Reduction Sequence, 
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V0' 
& - (I) 

-(I) 
m+1 mJ 

(2) 

where (I) =  0.0 

leading-edge boundary condition 
UCp(0)]o   = 0.0 

i.o         1 

[ACp(0)] 
P          M+T 

0.0 
J 

AWa     = 180 

2iT3f(Aa)2 

trailing-edge boundary condition 

t  CMda (3) 

Using the harmonic sine and cosine coefficients of CM and a, an 
exact integral technique has been used to derive the expression 

N* 
AW 

AW. 

180 
—2 ? 2* fUa)    n = 1 

—r^—? ^cNdh 

[n(E
nHn " FnGn)] (4) 

(5) 

AW.. —3 7 2*   f (AhP 

N* 

n =  1 

In(AnDn- BnCn)] 

where n = 1,   2,   3, ,N*, 

(6) 

In addition to the  average cycle work  function,  the  instan- 
taneous work function  is used in Appendix  IV of Volume  I. 
This function is defined as follows: 
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For pitching, 

6W„(0)  = —y^ j CM(0) ^| (0) (7) 
a 2w f(Aa) 

or 
N* 

C (0)180 
6W (0)  = -s =■    I       [n{H„ cos nO-G  sin nO) ] (8) 

IT (Aa)   n = 1 

2.  For translation, 
cN(o) 

TT(Ah) 

N* 

frWL n n 
cN(0) 

6Wh(0)     =     2 y       ln(D^  cos  n0-C„  sin n0) ]    (9) 
n = 1 

The  drift corrections  from the Stage  1  listing are  input data 
to the M-56 Program and are  incorporated internally.    The out- 
put  from this program consisted of data listings of the sort 
given in this  report,   together with a digital  data tape which 
could be used by the automatic plotting programs. 

Stage  4  Data Reduction:     Automatic Plotting 

The  two alternate program sequence paths  for  automatic data 
plotting are shown  in Figure  21.    The parameters  and test points 
to be plotted were selected using the M-05 Program.    A plotter 
tape was  then produced with either the M-59  or  the M-46 Plotting 
Program.     The  former operated on the data to produce plots of 
two harmonically reconstituted data,  such as CN or CM against 
a  or h,  while  the  latter produced plotter tapes  for time 
history  and chordwise pressure distribution plots. 

An EAI  3440 data plotter was used to plot both  line and data 
point plots.    The scales  and the test parameter values were 
printed on prepared graph paper. 
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M-56   OUTPUT DATA TAPE 

M-05 M-05 EDIT  FOR DESIRED   PLOTS 

M-59 M-46 GENERATE   PLOTTING TAPES 

CN,   CM VS   a 

PLOTS 

TIME  HISTORY 
AND  CHORDWISE 
PRESSURE  PLOTS —i 

AUTOMATIC  PLOTS  USING 
EAI   3440 DATA  PLOTTER 

Figure   ?1.   Stage   4  Data  Reduction Sequence. 
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INDEX TO COMPUTER DATA 

The test conditions and airfoil type are identified at the head 
of each set of data.  Tables II through X refer these factors 
to the page on which the data appear. Numbers of pages con- 
taining two sets of data are followed by the letter L or R, 
indicating whether the data are on the left or right side of 
the page. 

The values defining the test conditions in the tables are 
nominal; exact values are given in the data listings. 

TABLE   II. STATIC  AIRFOII . DATA 

R 
Mach X 

Airfoil No. io-6 
Page 

NACA  0012   (Modified)   Airfo il 0.2 2.6 45 

0.4 4.8 45 

0.6 6.2 46 

v  .vtol  23010-1.58 Airfoil 0.2 2.6 47 

0.4 4.8 47 

0.6 6.2 48 

Vertol  23010-1.58 Airfoil 0.4 4.8 49 
(Reflex trailing edge) 
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